. We compared the effectiveness of DAAs in patients with cirrhosis, with and without HCC, and in those with HCC partially treated or untreated (PT/UT-HCC) versus completely treated (CT-HCC). HCC status was based on imaging 6 months before or 2 months after start of DAA therapy. Absence and presence of enhancing lesions after HCC treatment defined CT-HCC and PT/UT-HCC, respectively. Using minimally adjusted logistic regression, the association between the presence of HCC and SVR rates was estimated. Among the 1,457 patients with cirrhosis from HCV-TARGET with complete virologic data (per-protocol population) who did not undergo liver transplantation during treatment and followup, 1,300 were without HCC, 91 with CT-HCC, and 66 with PT/UT-HCC. Most patients were genotype 1 (81%) and treatmentexperienced (56%), 41% had history of prior decompensation, and the median pretreatment Model for End-Stage Liver Disease was 9 (range 6-39). The SVR rates were 91% for patients without HCC, 84% for CT-HCC, and 80% for PT/UT-HCC. The presence of HCC (versus not having HCC) was associated with significantly lower odds of achieving SVR (odds ratio [OR] = 0.51, 95% confidence interval [CI]: 0.33-0.81; P = 0.003). However, among those with HCC, HCC treatment status (PT/UT-HCC versus CT-HCC) did not show association with SVR (OR = 0.79, 95% CI: 0.35-1.79, P = 0.569). Conclusions: The presence of HCC reduces the likelihood of SVR by 50%, but with no evident difference in those with completely treated HCC versus partially treated/untreated HCC. (Hepatology Communications 2019;3:1388-1399).
D irect-acting antiviral agents (DAAs) have dramatically improved the outcomes of patients with chronic hepatitis C virus (HCV) with overall sustained virologic response (SVR) rates of about 95%, including those with compensated cirrhosis. (1) (2) (3) (4) (5) Additional benefits of achieving HCV eradication among patients with advanced liver disease include reversal of symptoms of decompensation, improvement in Model for End-Stage Liver Disease (MELD) and Child-Pugh scores, and reduced liver-related and all-cause mortality. (4, 6) Thus, HCV-infected patients with complications of cirrhosis are a high priority for HCV treatment.
However, there has been controversy regarding DAA therapy in patients with cirrhosis and hepatocellular carcinoma (HCC). Initial, uncontrolled studies suggested a higher rate of HCC recurrence after curative therapy among patients treated with DAAs, (7) but subsequent retrospective and prospective controlled studies have refuted this. (8, 9) Adding further to the complexity of the decisions in patients with HCC is the concern that DAA efficacy may be reduced in patients with HCC, as reported in a large VA study of DAA-treated patients. (10) Finally, a single-center study suggested that presence of active versus treated HCC was the relevant predictor for treatment failure, with SVR rates of 52% in those with untreated or partially treated HCC at time of DAA therapy as compared with 100% in those with HCC that was treated completely. (11) The timing of DAA therapy has important ramifications, as delays in DAA therapy in patients with cirrhosis may result in worsening decompensation, which in turn affects the ability to provide curative HCC options.
With the goal of bringing greater clarity to the decisions surrounding use of DAAs in patients with cirrhosis and HCC, we used the HCV-TARGET consortium to study SVR rates with DAA therapy in HCV-infected patients with cirrhosis with and without HCC, and to specifically address whether the treatment status of HCC influenced SVR rates.
Methods stuDy population anD Design
HCV-TARGET is a longitudinal, observational study of chronic hepatitis C patients that began in December 2011 and is ongoing. This consortium includes academic (n = 46) and community (n = 16) centers from North America (n = 58) and Europe (n = 4), collecting data on DAA regimens and outcomes in this rapidly changing therapeutic area. Prospective data are captured from enrolled patients using a common database that uses novel, standardized source data abstraction as described previously. (12, 13) All captured data are managed using Research Electronic Data Capture, with electronic data capture tools hosted at the University of North 
Carolina at Chapel Hill. Research Electronic Data
Capture is a secure, web-based application designed to support data capture for research studies. (14) A centralized team of trained coders reviews all redacted medical records obtained from participating sites for data entry and systematically monitors the data entries for completeness and accuracy. All records were screened for extreme or unlikely values and verified/resolved with additional queries. The study protocol did not define specific populations, regimens, dosing, and duration or safety management.
For this analysis, patients were eligible if they were 18 years or older, had cirrhosis with and without history of HCC, had not undergone liver transplantation, initiated HCV therapy with select (see subsequently) all-oral DAA regimens between February 2014 and February 2017, and had available virologic outcome as well as HCC information obtained from the enrolling sites.
The per protocol population consisted of patients who either completed the assigned HCV treatment or discontinued treatment early due to lack of efficacy and had virological outcome data available. A sensitivity analysis was performed that included patients who had undergone liver transplantation on treatment and those who discontinued treatment early due to adverse events (AEs).
Chronic HCV infection was defined as detectable HCV RNA by real-time polymerase chain reaction at time of treatment initiation. The presence of cirrhosis was defined at the time of enrollment by biopsy and/or a combination of clinical, laboratory, elastography, and imaging criteria established beforehand. (12) Patients were determined to have cirrhosis if they had evidence of stage 4 fibrosis by liver biopsy or hepatic elastography at any time before therapy, or evidence of stage 3 fibrosis by liver biopsy at any time before therapy with any of the following criteria: platelet count less than 140,000 per milliliter, presence of esophageal varices on esophagogastroduodenoscopy, evidence of cirrhosis and/or portal hypertension and/or ascites by imaging studies, Fibro-Sure or equivalent test, vibration-controlled transient elastography, or equivalent were deemed to be compatible with stage 4 fibrosis. In the absence of biopsy or if biopsy results showed stage 2 fibrosis or less, the presence of two or more of the these clinical/ laboratory criteria were deemed to be compatible with stage 4 fibrosis.
HCC status was based on local imaging obtained within 6 months before or 2 months after start of DAA therapy. Alpha-fetoprotein values were not available. Completely treated (CT-HCC) was defined as no enhancing lesions after HCC therapies. Partially treated or untreated (PT/UT-HCC) was defined as enhancing lesion present or persisting after HCC therapy.
Data ColleCtion
Demographic, clinical, adverse event, and virologic data were collected at baseline and as available throughout the treatment period and the posttreatment follow-up. The collected demographic data included the patient's age, sex, race, body mass index (BMI), proton-pump inhibitor (PPI) use, calculated MELD score, and history of hepatic decompensation. History of hepatic decompensation was defined as evidence of prior or current diagnosis of ascites, hepatic encephalopathy, spontaneous bacterial peritonitis or variceal hemorrhage, or baseline concomitant medications with a specific use listed for these indications. HCV-specific data included baseline viral load, genotype, prior treatment history, and type and duration of DAA therapy. Laboratory data, collected per standard practice, included levels of serum creatinine, albumin, total bilirubin, alanine aminotransferase levels, hemoglobin, international normalized ratio platelet count, and HCV RNA.
Patients in the HCC group had additional cancer-specific data collected. These included stage at time of diagnosis and treatment history from time of diagnosis through 12 weeks after completion of DAA therapy. HCC treatment history was categorized as resection only, loco-regional therapy only, systemic therapy only, or more than one modality of therapy. The time period between diagnosis of HCC and initiation of HCV therapy was collected. Treatment status (CT-HCC versus PT/UT-HCC) was ascertained from radiology reports. The time period between imaging and initiation of DAA therapy was also collected.
AEs, defined as any new symptom or event recorded in the medical record that occurred during the HCV treatment period, were collected and reported regardless of the need or lack thereof for a prescription medication or a dose reduction or discontinuation of HCV treatment. AEs recorded in the patient's clinical note were identified by HCV-TARGET data abstractors and then entered into the database as text and further coded by the clinically validated international medical terminology dictionary, MedDRA (the Medical Dictionary for Regulatory Activities). Serious AEs were defined as any AE that required hospitalization or met the criteria for expedited reporting per US Food and Drug Administration form MEDWATCH 3500.
tReatment Regimens
The choice of treatment regimen was at the discretion of the local treating physician, as was the use of ribavirin (RBV). Similarly, treatment duration was determined by the treating physician and, for the purposes of analysis, was defined as less than or equal to 12 weeks, 12 to 16 weeks, and greater than or equal to 16 weeks. For the purposes of this analysis, the combinations of sofosbuvir plus ribavirin and sofosbuvir plus peginterferon plus RBV were excluded due to the recognized lower rates of SVR compared with the next generation of DAA options.
pRimaRy enDpoint
The primary endpoint was SVR, defined by a plasma HCV RNA level below quantitation or undetectable at least 64 days after treatment completion (SVR12). The primary predictors were presence of HCC, and among those with HCC, whether the HCC was CT versus PT/UT.
analytiC appRoaCH
Demographic characteristics, laboratory values, AEs, and treatment response were analyzed by HCC status for the per protocol population, which consisted of patients who either completed the assigned HCV treatment or discontinued treatment early due to lack of efficacy and had virologic outcomes available. Sensitivity analyses were also performed, including the patients who discontinued treatment early due to AE as well as patients who underwent liver transplantation during DAA therapy or during the 12 weeks of follow-up.
The unadjusted rates of SVR and exact binomial confidence intervals (CIs) were calculated for the non-HCC as well as CT-HCC and PT/UT-HCC groups, in addition to the subgroups of interest, particularly based on genotype and treatment regimen, including use of RBV.
Minimally adjusted (for history of decompensation) Firth penalized logistic regression was used to assess the association between baseline covariate and SVR outcome. (15) The set of covariates was selected beforehand based on a consensus of clinical expertise and included the most well-established baseline covariates associated with SVR: sex, race, MELD (<10, ≥10), albumin (<3.5 g/dL, ≥3.5 g/dL), total bilirubin (≤1.2 mg/dL, >1.2 mg/dL), a history of antiviral treatment, use of RBV, HCV genotype, PPI use, platelet count, and BMI. The primary predictor variable of interest was HCC status (no-HCC, CT-HCC, PT/UT-HCC). All models were adjusted for history of decompensation. Select trivariate analyses were also performed.
inFoRmeD Consent
The protocol was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice guidelines. The independent ethics committee at each participating study center or a central institutional review board approved the protocol if a local institutional review board was not in place. All patients provided written informed consent for their participation. All authors had complete access to the study data and reviewed and approved the final manuscript.
Results

CoHoRt CHaRaCteRistiCs
During the study period, 1,618 patients with cirrhosis without history of liver transplantation and with liver imaging 6 months before or up to 2 months immediately following the initiation of DAA regimen for HCV were identified. Of those, 7 patients died, 20 discontinued treatment due to reasons other than AE or lack of efficacy, 16 were lost to follow-up, and 81 were lost in posttreatment follow-up (21 of whom died in posttreatment follow-up). For our main analyses we excluded those patients who discontinued treatment early due to AE (n = 16) or underwent transplant during treatment and up to 12 weeks of follow-up (n = 21), resulting in a per protocol population of 1,457: 1,300 without HCC and 157 with history of HCC. Among the HCC patients, 91 had CT-HCC and 66 had PT/UT-HCC at the time of DAA therapy ( Fig. 1) .
Baseline characteristics of the per protocol population, including demographics and laboratory data, are provided in Table 1 . Overall, patients were predominantly white (74%), male (64%), with a median age of 60 years (range 19-90). Most patients were genotype 1 (81%) and treatment-experienced (56%). Forty-one percent had history of prior decompensation, and the median MELD pretreatment was 9 (range 6-39).
In the per protocol population of 157 patients with history of HCC, 91 patients (58%) had treated HCC without any evidence of active tumor present on imaging (CT-HCC), and 66 patients (42%) had PT/UT-HCC at the time of DAA treatment initiation. At the time of diagnosis, most patients with known tumor stage were within Milan criteria (75 of 87 [86%]) with similar proportions in the CT-HCC (49 of 55 [89%]) and PT/UT-HCC (26 of 32 [81%]) groups. The median time from HCC diagnosis to initiation of DAA therapy was 497 days in the CT-HCC group, whereas in the PT/UT-HCC group it was 377 days. The median time from HCC imaging to initiation of DAA therapy was 46 days in the CT-HCC group as compared with 52 days in the PT/UT-HCC group and 61 days in the no-HCC group. Loco-regional only therapies were the most frequently used HCC therapy: 59 of 78 (76%) in the CT-HCC group and 43 of 54 (80%) in the PT/UT-HCC group. Available cancer and treatment information, including SVR rates, are found in Supporting Table S1 .
Daa tReatment anD sVR Rates
Of the 1,618 patients who started HCV therapy, 1,457 (90%) were evaluable for SVR ( Fig. 1) . Treatment regimen and duration by HCC history in the per protocol population are given in Table 1 . The combination of sofosbuvir/ledipasvir ± RBV (n = 649, 45%) and sofosbuvir plus simeprevir ± RBV (n = 366, 25%) were the most commonly used regimens, with sofosbuvir plus daclatasvir ± RBV being less used (n = 160, 11%). Thirty-one percent (n = 456) received RBV as a component of their treatment regimen. Overall, the median treatment duration was 86 days (range 50-219).
In the per protocol population, the crude rates of SVR among patients without HCC, CT-HCC, and PT/UT-HCC overall are shown in Fig. 2 ; the specific baseline factors are provided in Table 2 .
Those treated with sofosbuvir plus simeprevir were primarily genotype 1 (98.1%), as were those treated with sofosbuvir/ledipasvir ± RBV (92.9%). The crude SVR rates for patients treated with sofosbuvir plus simeprevir ± RBV (82.8%, 95% CI 78.5-86.5) were lower than those treated with sofosbuvir/ledipasvir ± RBV (92.3%, CI: 90.0-94.2); P < 0.0001 (data not shown). The crude rates of SVR among patients without HCC, CT-HCC, and PT/UT-HCC treated with sofosbuvir plus simeprevir ± RBV were 83.8% (95% CI:79.3-87.7), 76.9% (95% CI:56.4-91.0) and 73.7% (95% CI:48.8-90.9), and treated with sofosbuvir/ ledipasvir ± RBV were 93.1% (95% CI:90.7-95.0), 85.3% (95% CI:68.9-95.0), and 81.8% (95% CI:59.7-94.8) ( Table 2 ).
The crude rates of SVR in genotype 3 patients treated with sofosbuvir/daclatasvir ± RBV (83.6%, 95% CI: 75.1-90.2) was lower than those treated with sofosbuvir/velpatasvir ± RBV (98.0%, 95% CI: 89.1-100.0); P = 0.010 (data not shown). The crude rates of SVR among genotype 3 patients without HCC, CT-HCC, and PT/UT-HCC were 88.2% (95% CI: 81.6-93.1), 91.7% (95% CI: 61.5-99.8) and 83.3% (95% CI: 58.6-96.4), respectively. Genotype 3 was more prevalent among patients with PT/UT-HCC (27.7%) as compared with CT-HCC (13.3%; P = 0.026) or no HCC (10.5%; P < 0.0001) ( Table 2) . 
minimally aDJusteD moDels pReDiCting sVR
In logistic regression models that were adjusted for history of decompensation, the presence of HCC was associated with significantly lower odds of achieving SVR than not having HCC (OR = 0.51, 95% CI: 0.33-0.81; P = 0.003). PPI use (OR = 0.62, 95% CI: 0.44-0.88; P = 0.008), lower baseline MELD (<10) (OR = 1.71, 95% CI: 1.14-2.58; P = 0.009), lower baseline total bilirubin (OR = 2.28, 95% CI: 1.57-3.33; P < 0.001), higher baseline albumin (OR = 2.32, 95% CI: 1.58-3.42; P < 0.001), higher baseline platelet count (OR = 1.53, 95% CI: 1.06-2.23; P = 0.023), and female sex (OR = 1.89, 95% CI: 1.29-2.85; P = 0.002) were associated with SVR in the per protocol population. RBV was not associated with SVR (OR = 1.24, 95% CI: 0.85-1.83; P = 0.265) ( Fig. 3 ). However, among those with HCC, HCC treatment status (PT/ UT-HCC versus CT-HCC) did not show an association with SVR (OR = 0.79, 95% CI: 0.35-1.79; P = 0.569). Lower baseline MELD (<10) (OR = 2.57, 95% CI: 1.02-6.66; P = 0.048), lower baseline total bilirubin (OR = 2.76, 95% CI: 1.13-6.94; P = 0.028), and no PPI use (OR = 1.86, 95% CI: 1.32-2.63; P = 0.0004) were associated with SVR among those with HCC (data not shown).
Sensitivity analyses were also performed, including the patients who discontinued treatment early due to AE as well as patients who received liver transplant during DAA therapy or during the 12 weeks of follow-up (n = 1,430). The logistic regression models adjusted for decompensation showed that the presence of HCC was associated with significantly lower odds of achieving SVR than not having HCC (OR = 0.51, 95% CI: 0.34-0.81; P = 0.003) but HCC treatment status (PT/UT-HCC versus CT-HCC) was not associated with SVR (OR = 0.91, 95% CI: 0.42-1.99; P = 0.82) (Supporting Fig. S1 ).
Discussion
The treatment of patients with HCV and cirrhosis yields many benefits, but those patients who also have HCC present some complexities in terms of the decision to treat. While there has been controversy surrounding the effect of DAA therapy on HCC occurrence or recurrence, here we focus on the important issue of timing of HCV treatment in the presence of HCC. In a large real-world cohort, we have demonstrated that HCC is associated with a 50% lower likelihood of achieving SVR than in those patients with no HCC, but whether the HCC was "active" or treated did not influence SVR rates. The clinical implications of these results are 2-fold. First, patients and providers need to set expectations for SVR at a lower level in patients with HCC. Second, there is no need to delay HCV treatment until the HCC is treated, as the efficacy of DAA therapy is not affected by whether HCC has been treated.
We found an absolute difference in SVR rates of 9% among those with and without HCC. This differential is similar to the single-center report from Northwestern University (11) but substantially less than that reported by in the national Veterans Affairs study, in which the SVR rates for patients with HCC was 74% and for non-HCC patients was 91%. (10) The larger differential seen in the VA study may relate to their inclusion of patients receiving suboptimal regimens, namely, sofosbuvir and RBV for genotypes 2 and 3. In our study, such patients were excluded. Thus, when considering HCV treatment in patients with HCC, the modestly lower SVR rate is yet another factor that needs to be taken into consideration and may be especially relevant for transplant candidates who might benefit from deferral of therapy until after transplant, when higher SVR rates can be obtained. (16) Why the presence or history of HCC influences the likelihood of achieving SVR is unknown. One proposed mechanism is that tumor cells serve as a sanctuary site for HCV. It has previously been demonstrated that HCV is able to replicate within tumor tissue in patients with HCC. (17) (18) (19) Because the uptake and intracellular effects of antiviral drugs by tumor cells is likely different from normal hepatocytes, it follows that HCV within tumor cells may evade the antiviral effects of DAA therapy. A second mechanism is related to the altered tumor microenvironment that may promote viral replication even outside of tumor cells. Specifically, HCV-infected HCC cells have been associated with alterations in signaling pathways, leading to increased tumor size, proliferation, and invasiveness. (20) (21) (22) The surrounding matrix changes, consisting of a myriad of cell types including immune and inflammatory cells, (23) (24) (25) and may alter the antiviral efficacy of DAA therapy. Furthermore, the underlying liver injury that predisposed the patient to HCC may result in a relative deficiency in local immune function, which similarly may alter the efficacy of DAA therapy even after CT-HCC. Finally, the highly vascular nature of HCC may affect drug distribution within the liver. If drug concentrations are highly concentrated in the arterially supplied tumor, this could lead to reduced drug exposure and concentrations elsewhere in the liver.
Importantly, we found no difference in the likelihood of achieving SVR in patients with PT/ UT-HCC (referred to as "active" in other studies) versus CT-HCC. These findings contrast with a previous single-center study from Prenner et al., in which the SVR rate was only 46% (27 of 59) in those with cirrhosis and active HCC versus 100% (18 of 18) in patients with inactive HCC. (11) The striking difference is possibly related to differences in baseline characteristics of the study populations, how HCC treatment response was ascertained, and the efficacy of the DAAs used. For example, we used radiologic criteria to define treatment response, typical of clinical practice, whereas explant pathology was used to define active tumor among those that went to liver transplant in the study from Prenner et al. (11) Additionally, we had a higher proportion of patients with decompensated cirrhosis in our study (41.1%), leading us to adjust for history of decompensation given the well-established relationship between decompensated cirrhosis and SVR rates. We also excluded patients treated with sofosbuvir and RBV, as SVR rates are clearly suboptimal with this combination. Thus, comparisons across studies are difficult. However, our larger, multicenter cohort should provide reassurance to clinicians that whether the HCC has been completely treated is not a major issue; rather, it is the presence of HCC per se that influences SVR rates. That said, because HCC treatment response often dictates the longer-term outcomes of patients with HCC, many clinicians prioritize HCC treatment and reserve HCV treatment until response to HCC treatment is known.
A history of decompensation as well as baseline features associated with current decompensation (low albumin, elevated bilirubin) were associated with lower SVR rates. PPI use was also associated with lower SVR rates, an effect independent of the type of DAA therapy. In patients with history of HCC, those not on PPI had a nearly 3-fold-higher odds of SVR than those who were on PPI. The importance of PPI use has been highlighted in previous studies. (26, 27) With the goal of maximizing SVR rates in patients with HCV and liver cancer, providers should consider withdrawal of PPI in patients without clear indication for use.
Limitations are similar to those of any study with observational design, in that the treatment of HCV and HCC were not standardized and the assessments of HCC treatment response are based on information within imaging reports. However, the rigor of data collection is high with the use of a centralized team of trained coders that reviews all redacted medical records and systematically monitors for completeness and accuracy. Furthermore, some of the treatment regimens used during the study period are no longer commonly used. To minimize bias related to low-efficacy regimens while simultaneously maximizing the number of study participants, we chose to include all regimens that were associated with SVR rates of at least 80%. Using this criterion, patients receiving sofosbuvir and RBV therapy were excluded. Finally, as observational data, the ascertainment of HCC and response to HCC therapy may be influenced by imaging modality used for screening and site expertise with HCC management. However, only patients with imaging before DAA therapy were included, and we used a window of 6 months prior to 2 months after DAA to capture HCC status.
In conclusion, we have demonstrated that the presence of HCC reduces the likelihood of SVR by 50%, with no evident difference in those with CT-HCC versus PT/UT-HCC. This information will assist patients and providers in discussion on the risks, benefits, and optimal timing of treatment of HCV in this clinical setting.
